DESCRIPTION 



The invention relates to a robot, specifically a painting robot, in accordance 
with the preamble of claim 1. 

Industrial robots are known from U.S. patent 4,708,580 having a wrist axis 
which has three degrees of freedom, where the wrist axis has an internal 
conduit for signal and power lines. When the wrist axis moves in the individual 
degrees of freedom, the lines in the internal conduit of the wrist axis are either 
stretched or compressed in the axial direction and additionally subjected to 
torsional loading. This is compensated for in the known industrial robots 
incorporating a wrist axis of this kind by routing the lines in the internal 
conduit loosely and consequently providing adequate axial play. 

The disadvantage of these known wrist axes is the fact that the lines can be 
damaged in operation because they are exposed to severe friction from the 
inner walls and the transitional radii in the internal conduit of the wrist axis. 
Such damage to the lines with industrial robots during production leads to 
cosdy stoppages. Furtheraiore, a complete bundle of lines has to be replaced if 
there is damage to one line, resulting in substantial repair costs. 

A further disadvantage of the known wrist axes is that the lines in the intemal 
conduit of the wrist axis are carried without suitable sealing in order to allow 
the wrist axis to move. As a result of the inadequate sealing of the lines, there 
can be an exchange of fluid between the wrist axis and the robot arm, requiring 
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cost-intensive cleaning. 

The object of the invention is therefore to create a robot having a conduit for 
lines, damage to the hnes during operation being prevented in said robot and 
there being no exchange of fluid between the wrist axis and the robot arm, 
whereby the lines must demonstrate sufficient axial play to enable them to 
follow a movement of the wrist axis.. 

This object is achieved as a result of the characteristic features of claim 1 , 
taking as the point of departure the known wrist axis initially described in 
accordance with the preamble of claim 1. 

The invention incorporates the general technical teaching of disposing the lines 
in the conduit of the wrist axis at least partially in a spiral or a winding 
formation to permit corresponding axial play in the line when the wrist axis 
moves. 

Furthermore, the invention incorporates the general technical teaching of 
passing the line in the conduit through an axially compliant bellows which first 
of all allows axial play in the line and secondly forms a guide for the line. 

Preferably the bellows furthermore seals the conduit, for example to prevent an 
exchange of fluid in a painting robot between the wrist axis and the robot arm. 
In this instance, the conduit preferably passes through the robot arm and the 
wrist axis, where the conduit is sealed at the transition between the robot arm 
and the wrist axis by the bellows. The bellows consequently has two technical 
functions: first of all the axially compliant routing of the line in the conduit and 
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secondly the sealing of the conduit. 

The invention is not limited in this version to the bellows sealing the conduit 
for the lines at the transition between the robot arm and the wrist axis. Rather, 
as part of the invention it is also possible for the bellows to seal the conduit for 
the lines at other transition points between two juxtaposed members of the 
robot. 

The concept of a bellows employed within the framework of the invention must 
be understood in general terms and not restricted to the preferably employed 
pleated bellows. The concept of a bellows includes, for example, those 
compliant elements which carry the line in an axially compliant manner. 

Materials preferably suitable for the bellows are natural rubber, styrene- 
butadiene rubber, acrylonitrile-rubber, chlorobutadiene rubber, fluorine rubber 
or polychlprotetrafluoroethene. These materials have proven to be 
advantageous regarding durability, compliance and sealing characteristics. 
However, the invention is not restricted to the previously listed materials for 
the manufacture of the bellows. Rather, the bellows can consist of other 
compliant materials, where a plurality of plastic materials can be employed. 

Furthermore, the bellows can also be made of metal, where the axial 
compliance of the bellows is achieved by means of pleats in the bellows, for 
which reason the bellows is described in this version of the invention as a 
pleated metal bellows. 

In a preferred embodiment of the invention, the conduit for the lines carries 
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several lines, where each of the lines is carried by one bellows. 

As an alternative, it is also possible that several lines are carried jointly through 
a single bellows. In this instance, the lines are preferably passed through a 
guide plate which rigidly positions the lines in a predetermined position relative 
to one another. The guide plate with the individual lines is then located axially 
as an entity by the bellows. The bellows therefore preferably encompasses the 
guide plate and is preferably pressed against the peripheral al edge of the guide 
plate by an annular spring. 

The bellows is preferably attached to a mounting plate which preferably has an 
opening for the line to pass through. 

In order to attach the bellows to the mounting plate, the bellows can have an 
attaching flange, where the connection between the attaching flange for the 
bellows and the mounting plate, for example, can be achieved by means of a 
threaded connection. This type of connection is particularly suitable for passing 
several lines through one bellows. 

The bellows can also be attached with the assistance of a screw-in nipple which 
is threaded into a hole in the mounting plate and onto which the bellows is 
pressed. This form of attachment is particularly suitable when each line is 
routed through a separate bellows. 

The axial compliance of the bellows is preferably in the region of 5 nmi to 30 
mm, where numbers between these limits are possible. However, there is the 
basic possibility that the bellows possesses greater or lesser compliance. 
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In the case of the version of the invention mentioned initially which carries the 
line in a spiral in the conduit, the line is preferably wound around a guide 
element which is preferably located in the center. In the case of this guide 
element, for example, it may be a line which is axially extensible without 
difficulty. The conduit then contains a bundle of lines with axially extensible 
lines in the center around which other lines are wrapped in a spiral. 

It must be mentioned in addition that the term line used as part of the invention 
is to be understood in a general sense and comprises, for example, hoses, pipes, 
fiber optic cables and electrical wires. 

Other advantageous developments of the invention are described in the 
dependent claims or are explained in more detail in what follows together with 
the description of the preferred eriibodiments of the invention with reference to 
the drawings. 

Figure 1 shows a perspective view of a robot arm with a wrist axis with three 
degrees of freedom, 

Figure 2a shows a perspective view of a connecting piece of the robot arm at 
the transition to the wrist axis, 

Figure 2b shows a partially sectioned detail view from Figure 2a, 

Figure 3a shows a perspective view of an alternative connecting piece for the 
robot arm at the transition to the wrist axis. 
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Figure 3b shows a partially sectioned detail view from Figure 3a, and 

Figure 4 show a partially sectioned view of the wrist axis shown in Figure 1 
with an alternative embodiment of the invention. 

The perspective view in Figure 1 shows a robot arm 1 of an otherwise 
conventionally constructed painting robot for painting motor vehicle parts. 

At its distal end the robot arm 1 has a connecting piece 2 for attaching a robot 
wrist axis 3, where various embodiments of the connecting piece 2 in 
accordance with the invention are shown in detail in Figures 2a and 2b or 3a 
and 3b, respectively. 

The robot wrist axis 3 has three members 4, 5, 6 which can be rotated relative 
to each other, where member 4 is carried by the connecting piece and can be 
rotated relative thereto. 

Member 6 on the other hand has an end face 7 for attaching a conventional 
rotary atomizer. 

Furthermore, it must be mentioned that the robot wrist axis 3 has a conduit 8 
for lines through which the lines 9, 10, 11 can be passed/led from the robot arm 
1 through the robot wrist axis 3 to the rotary atomizer. 

The lines 9, 10, 1 1 are shown in Figures 2a and 2b, in this case hoses to supply 
the rotary atomizer with coating material, drive air and shaping air. 
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In operation, the lines 9, 10, 1 1 are stretched or compressed in the axial 
direction because of the rotation of the individual members 4, 5, 6 of the robot 
wrist axis 3 and are additionally subjected to torsional loading. To permit an 
axial compensation in length depending on the position of the robot, the lines 9, 
10, 1 1 are carried flexibly in an axial direction in the connecting piece 2. 

To do this, a mounting plate 12 which has three holes for the lines 9, 10, 1 1 to 
pass through is bolted into the connecting piece 2. A screw-in nipple 13 is 
threaded into each of these holes, in which the lines 9, 10, 1 1 are carried in an 
axially moveable fashion. 

On the side of the mounting plate 10 facing the robot arm 1, a pleated bellows 
14, 15, 16 is pressed onto the screw-in nipple 13. The pleated bellows 14, 15, 
16 carry the lines 9, 10, 1 1 in an axially compliant manner and additionally seal 
the conduit for the lines, thereby preventing an exchange of fluid between the 
robot wrist axis 3 and the robot arm 1. This is advantageous because an 
exchange of fluid between the wrist axis 3 and the robot arm 1 would make 
cost-intensive cleaning necessary. 

The embodiment shown in Figures 3a and 3b is largely identical to the 
embodiment previously described and shown in Figures 2a and 2b, so that the 
same reference numbers are used for identical components which are identified 
only by an apostrophe in order to distinguish them. Furthermore, only the 
special features of this embodiment are described in what follows, while 
otherwise reference is made to the preceding description for Figures 2a and 2b 
to avoid unnecessary repetition. 
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One special feature of this embodiment is that the lines 9', 10', 1 T are taken 
jointly through a single hole 17 in the mounting plate 12' and are carried in an 
axially compliant manner by a single pleated bellows 18. To attach the pleated 
bellows 18 to the mounting plate 12', the bellows 18 has an annular attaching 
flange 19 which is bolted to the mounting plate 12'. 

The individual lines 9\ 10', 1 T are passed through holes in a guide plate 20, 
where the guide plate 20 is disc-shaped and the lines 9', 10', 11 ' are fixed in a 
predetermined position relative to one another. The mouth of the pleated 
bellows 18 encompasses the guide plate 20 at its peripheral edge, where a 
spring retaining ring 21 presses the pleated bellows onto the peripheral edge of 
the guide plate 20. 

Finally, Figure 4 shows a further embodiment of a robot wrist axis 3' in 
accordance with the invention with three members 4', 5', 6' which can be 
rotated relative to each other and a conduit for lines 8', where numerous lines 
22 are carried in a spiral around additional lines 23 disposed in the middle. The 
spiral winding of the lines 23 allows axial compensation in length with the 
movement of the individual members 4', 5', 6' of the robot wrist axis 3'. The 
invention is not limited to the previously described embodiments of the 
invention. Rather, a plurality of variations and derivations is possible, which 
similarly make use of the inventive idea and therefore fall under its protection. 



